This document provides Sandia National Laboratories' meeting notes and presentations at the Society for Modeling and Simulation Power Plant Simulator conference in Jacksonville, FL. The conference was held January 26-28, 2015, and SNL was invited by the U.S. nuclear industry to present Fukushima modeling insights and lessons learned.
INTRODUCTION
This section provides the motivation for Sandia National Laboratories' (SNL's) meeting and presentations at the Society for Modeling and Simulation Power Plant Simulator conference in Jacksonville, FL. This conference was held January 26-28, 2015, and SNL was invited by the U.S. nuclear industry to present Fukushima modeling insights and lessons learned. 
Background

MELCOR
MELCOR is a fully integrated, engineering-level computer code that models the progression of severe accidents in light-water reactor nuclear power plants [1] . MELCOR is being developed at SNL for the U.S. Nuclear Regulatory Commission as a second-generation plant risk assessment tool, and the successor to the Source Term Code package. A broad spectrum of severe accident phenomena in both boiling water reactors (BWRs) and pressurized water reactors (PWRs) is treated in MELCOR in a unified framework. These include thermal-hydraulic response in the reactor coolant system, reactor cavity, containment, and confinement buildings; core heatup, degradation, and relocation; core-concrete attack; hydrogen production, transport, and combustion; fission product release and transport behavior. MELCOR applications include estimation of severe accident source terms, and their sensitivities and uncertainties in a variety of applications.
MELCOR is also used to analyze design basis accidents for advanced plant applications (e.g., the Westinghouse AP-1000 design and the GE Hitachi Nuclear Energy ESBWR design). 
MEETING AND PRESENTATION
The audience at the presentation was basically divided between nuclear power plant staffs (simulator operators, trainers, operations staff, etc.) and simulator vendors. As there is no mandate in either industry standard or regulations for the treatment of severe accidents in simulators, the interest of the nuclear power plant staff in the implementation of severe accident models in simulators is strictly dependent on the internal needs/desires of the individual plants (operators). The interest of the simulator vendors seems to be in terms of providing simulator severe accident modeling capability to both cater to the current non-regulatory interests and as a way to get ahead of the potential for future regulations either from the USNRC or industry selfimposed (i.e., through the Institute of Nuclear Power Operations -INPO).
Except for CORYS Thunder, all of the vendors that treated severe accident modeling did so using MAAP. The rational for using MAAP was explained as the operators already have severe accident MAAP models and MAAP code licenses. In the case of CORYS Thunder, they justified using MELCOR based on its parallel virtual machine (PVM) feature which allows the MELCOR reactor coolant system (RCS) model to be easily coupled with the Thunder T-H model for the containment and balance of plant (BOP).
Based on the Q&A after the SNL presentation, there was interest in the severe accident insights that have come from the SNL Fukushima analyses [6] [7] [8] . However, it was also apparent (based on the Q&A, other presentations, and one-on-one conversations) that at this time neither the nuclear power plant staffs nor the simulator vendors need or desire national laboratory-type severe accident models/analyses. The main reason for this is that the current state-of-the-art/best practices (as illustrated by recently completed SOARCA analyses [2] [3] [4] [5] ) result in plant models that run much slower than real-time, which is unacceptable in a simulator environment. Another reason is that without a driving need for complexity of the current models (which contributes to their slow execution) the cost of developing such models for simulator use cannot be justified.
Here are some points of interest that came up during the presentations and one-on-one discussions.
 In the CORYS Thunder presentation, it was stated that they use an explicit solver for their T-H code (Thunder), that they run with a 0.01 second time-step, and that their simulator models (on the order of 100 to 300 "nodes" (control volumes)) run fasterthan-real time. What makes this interesting is that they use an explicit solver to avoid (what they claim is) the higher computational cost of inverting matrices as part of an implicit solver.
 It was noted that there are cases where simulator model results do not match measured plant conditions and that the simulator operators will "tweak" their models to get a better match. This came up in the context of discussing how "tweaks" have been implemented in many of the Fukushima analyses [6] [7] [8] to address areas where the severe accident models cannot predict the plant data (e.g., wetwell cooling by torus room flooding, wetwell partial mixing, drywell head leakage, cooling water injection rates).
 As part of the Q&A after the SNL presentation, the question was asked, "Of the MAAP and MELCOR conceptual views of core damage progression (i.e., formation of molten pool vs. formation of solid debris bed), to which did the SNL presenter ascribe more validity." The answer provided 1 was, "Both. Neither. Or, with all facetiousness aside, that there is not sufficient data on full-scale core damage progression to declare one "better" than the other. Hence, the best way to treat this is to consider both. This is why ultimately severe accident analysis has to be done with consideration of uncertainty with regards to both inputs and models."
SUMMARY
The simulator operators and vendors have an interest in severe accident despite there being no standards requirement or regulatory requirement. However, their need is for models/analyses that run in real time, which are much simpler than the current MELCOR state-of-the-art/best practices models. The conference audience was interested in the SNL presentations and their insights -at least from an intellectual perspective.
Given what could be characterized as a tepid interest in severe accident analysis, there were hints that there was a future potential to have to address severe accident issues --for example, severe accident management guidelines (SAMGs) response and modifications --in simulators. If this were to occur, then the need for handling severe accidents (specifically core damage progression) with a fidelity commensurate with that of the SAMG requirements could result in the simulator vendors (or their contractors) turning to SNL for guidance in this area. Specific severe accident R&D areas would be:
 Code improvements in MELCOR that would shorten run times to real time or faster. This includes updating the code's circa 1980 numerical solver as well as restructuring the code to allow its solver to be easily updated as numerical solver state-of-knowledge improves over time.
 Improvements to MELCOR nuclear power plant models that would shorten run times to real time or faster. This involves not only simplifying MELCOR nuclear power plant models, but also includes developing detailed phenomenon-specific models outside of MELCOR whose results are used to create simplified "abstraction" models (i.e., capturing the important physics) that are implemented into the MELCOR nuclear power plant models.
APPENDIX B: MAAP-MELCOR CROSSWALK PHASE 1 REVIEW AND PROGRESS UPDATE -PRESENTATION
